Inventor: SASAKI et al. 
Docket No.: 10873.I623USWO 

Title: METHOD FOR PRODUCING GROUP-III-ELEMENT NITRIDE SINGLE CRYSTAL 
AND GROUP-III-ELEMENT NITRIDE TRANSPARENT SINGLE CRYSTAL PREPARED 
THEREBY 

Attorney Name: Douglas P. Mueller 
Phone No.: 612.371.5237 
Sheet 1 ofie 



110/522488 




/ 



FIG. 1A 




FIG. IB 



1/16 



Inventor: SASAKI ct al. ^ 
Docket No.: 10873. 1 623 US WO 

Title: METHOD FOR PRODUCING GROUP-III-ELEMENT NITRIDE SINGLE CRYSTAL 
AND GROUP-III-ELEMENT NITRIDE TRANSPARENT SINGLE CRYSTAL PREPARED 




2/16 



Inventor: SASAKI etal. 
Docket No.: 10873.1 623 USWO 

Title: METHOD FOR PRODUCING GROUP-III-ELEMENT NITRIDE SINGLE CRYSTAL 
AND GROUP-III-ELEMENT NITRIDE TRANSPARENT SINGLE CRYSTAL PREPARED 
THEREBY 

Attorney Name: Douglas P. Mueller 
Phone No.: 612.37L5237 
Sheet 3 of 16 




FIG.3A 




1 1 




FIG.3B 



3/16 



Inventor: SASAKI etal. 
t)ocket No.: 1 0873. 1 623USWO 

Title: METHOD FOR PRODUCING GROUP-III-ELEMENT NITRIDE SINGLE CRYSTAL 
AND GROUP-III-ELEMENT NITRIDE TRANSPARENT SINGLE CRYSTAL PREPARED 




FIG.4 



4/16 



Inventor: SASAKI etal 
Docket No.: 10873.I623USWO 

Title: METHOD FOR PRODUCING GROUP-III-ELEMENT NITRIDE SINGLE CRYSTAL ' 
AND GROUP-III-ELEMENT NITRIDE TRANSPARENT SINGLE CRYSTAL PREPARED 
THEREBY 

.' tomey Name: Douglas P. Mueller 
.'hjneNo.: 612.371.5237 
Sheet 5 of 16 



to/522488 



Yield of GaNa) 
60 r 




Pressure (atm) 

FIG.5 



5/16 



Inventor: SASAKI et al. 
Docket No.: 10873.I623USWO 

Title: METHOD FOR PRODUCING GROUP-III-ELEMENT NITRIDE SINGLE CRYSTAL 
AND GROUP-III-ELEMENT NITRIDE TRANSPARENT SINGLE CRYSTAL PREPARED 
THEREBY 

Attorney Name: Douglas P. Mueller 
Phone No.: 612.371.5237 
Sheet 6 of 16 



10/522488 




FIG.6 




FIG.7 



6/16 



Inventor: SASAKI et al 
Docket No.: 10873. 1623 US WO 

Title: METHOD FOR PRODUCING GROUP-III-ELEMENT NITRIDE SINGLE CRYSTAL 
AND GROUP-III-ELEMENT NITRIDE TRANSPARENT SINGLE CRYSTAL PREPARED 
THEREBY 

Attoniey Name: Douglas P. Mueller 
Phone No.: 612.371.5237 
Sheet 7 of 16 



,224 8 



c 
Z> 

< 



CO 

c 




-LPE Bulk 
•MOCVD-GaN 



345 395 445 495 545 595 645 

Wavelength (nm) 



FIG.8 



7/16 



Inventor: SASAKI etal. 
Docket No.: 1 0873. 1 623 US WO 

Title: METHOD FOR PRODUCING GROUP-Ill-ELEMENT NITRIDE SINGLE CRYSTAL 
AND GROUP-III-ELEMENT NITRIDE TRANSPARENT SINGLE CRYSTAL PREPARED 
THEREBY 

Attorney Name: E)ouglas P. Mueller 
Phone No.: 612.371.5237 
Sheet 8 of 16 



J 



10^522488 




FIG.9A 




FIG.9B 



8/16 



Inventor: SASAKI et al. 
Docket No.: 10873. 1 623USWO 

Title: METHOD FOR PRODUCING GROUP-III-ELEMENT NITRIDE SINGLE CRYSTAL 
AND GROUP-ni-ELEMENT NITRIDE TRANSPARENT SINGLE CRYSTAL PREPARED 
THEREBY 

Attorney Name: Douglas P. Mueller 
Phone No.: 612.371.5237 
Sheet 9 of 16 



■1 



10/5224 88 




FIG.10 



9/16 



Inventor: SASAKI ct al. 
Docket No.: 1 0873. 1 623 US WO 

Title: METHOD FOR PRODUCING GROUP-III-ELEMENT NITRIDE SINGLE CRYSTAL 
AND GROUP-III-ELEMENT NITRIDE TRANSPARENT SINGLE CRYSTAL PREPARED 
THEREBY 

Attoniey Name: Douglas P. Mueller 
Phone No.: 612.371.5237 
Sheet 10 of 16 



tO/522488 




FIG. 11 




FIG. 12 

10/16 



Inveiuor: SASAKI etal. 
Docket No.: 10873. 1623 US WO 

Title- METHOD FOR PRODUCING GROUP-III-ELEMENT NITRIDE SINGLE CRYSTAL 
AND GROUP-III-ELEMENT NITRIDE TRANSPARENT SINGLE CRYSTAL PREPARED 
THEREBY 

A. nniey Name: Douglas P. Mueller fi\ 
i .ioneNo.: 612.37L5237 

Sheet 11 of 16 J 




FIG. 13 




FIG. 14 

11/16 



Inventor: SASAKI etal. 
Docket No.: I0873.1623USWO 

Title: METHOD FOR PRODUCING GROUP-III -ELEMENT NITRIDE SINGLE CRYSTAL 
AND GROUP-III-ELEMENT NITRIDE TRANSPARENT SINGLE CRYSTAL PREPARED 

THEREBY 

Attorney Name: Douglas P. Mueller 
Phone Na: 612.371.5237 
Sheet 12 of 16 



10/5224 88 



6.E+05 
^ 5.E+05 
^ 4.E+05 

3.E+05 
§ 2.E+05 
£ 1.E+05 

O.E+00 





MOCVD film(ref.) PL(a.u)=1 


k 


i — 1 - 1 






1 1 t t t 1 









340 



390 



440 490 540 590 

Wavelength (nm) 



640 



690 



1.E+05 
> 8.E+04 
^ 6.E+04 
c 4.E+04 
5 2.E+04 



O.E+00 



340 



Na flux sample PL(a.u)=47 times 





390 



440 490 540 590 

Wavelength (nm) 



640 



690 



3.0E+06 
^ 2.5E+06 

2.0E+06 
•"U 1.5E+06 
S 1.0E+06 
^ 5.0E+05 

O.OE+00 





Na-Ca flux sample PL(a.u)=86 times 




1 


I 












4 . . . 





340 390 440 490 540 

Wavelength (nm) 



590 



640 



690 



FIG. 15 



12/16 



Inventor: SASAKI et ah 
Docket No.: 10873.1623USWO 

Title: METHOD FOR PRODUCING GROUP-III-ELEMENT NITRIDE SINGLE CRYSTAL 
AND GROUP-III-ELEMENT NITRIDE TRANSPARENT SINGLE CRYSTAL PREPARED 

THEREBY 

Attorney Name: Douglas P. Mueller 
Phone No.: 612.371.5237 
Sheet 13 of 16 



10/52248 



Na cone. 



K cone. 



Ca cone. 




Background 



200 400 600 800 1000 

Time(sec) 



1200 1400 



FIG.16A 



Na cone. 



K cone. 



■ Ca cone. 




0 



200 



400 



600 



800 



1000 1200 1400 



Tlme(sec) 



FIG.16B 



13/16 



Inventor: SASAKI et al. 
Docket No.: 10873. 1 623 US WO 

Title: METHOD FOR PRODUCING GROUP-III-ELEMENT NITRIDE SINGLE CRYSTAL 
AND GROUP-III-ELEMENT NITRIDE TRANSPARENT SINGLE CRYSTAL PREPARED 

THEREBY 

Attorney Name: Douglas P. Mueller 
Phone No.: 612.371.5237 
Sheet 14 of 16 



I 

J 



(0 

O 



100 
80 
60 



o 40 
20 h 



♦ 



•a 



20 40 60 80 

Ratio of element added to flux (%) 



100 



FIG. 17 



14/16 



Invemor: SASAKI et al. 

Docket No.: 10873. 1623 USWO ' 
Title- METHOD FOR PRODUCING GROUP-lIl-ELEMENT NITRIDE SINGLE CRYSTAL 
AND GROUP-IU-ELEMENT NITRIDE TRANSPARENT SINGLE CRYSTAL PREPARED | 
THEREBY 

Attoniey Name: Douglas P. Mueller | 
Phone No.: 612.371.5237 
Sheet 15 of 1 6 




15/16 



Inventor: SASAKI et al. 
Docket No.: 10873. 1623USWO 

Title: METHOD FOR PRODUCING GROUP-IIl-ELEMENT NITRIDE SINGLE CRYSTAL 
AND GROUP-III-ELEMENT NITRIDE TRANSPARENT SINGLE CRYSTAL PREPARED 
THEREBY 

Attorney Name: Douglas P. Mueller 
Phone No.: 612.371.5237 
Sheet 1 6 of 16 



10/522488 




ooo 



X X 

CO csj 



(•n 'b) i<4isua:^ui 



16/16 



